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. ratios ore fast becoming a substitute for the 24-hour urine 5am- 
J . pie in the assessment o/protcirdiria. For the traditional method, 
the patient is instructed to collect ail urine for a 24-hour period; 
i usually the 24-hour collection period begins in the morning 
I when the patient arises. The Hist voided specunen of the first 
morning is discarded, and the patient is asked to note the time. 
!' For the next 24 hours, all excreted urine is saved in the collcc- 
; tion vessel, including any voided specimens occurring during 
the night The patient is then instructed to awaken the /allow- 
ing morning at che same Gme as me previous day; when the 
collection first began. The first voided specimen of the second 
morning should be collected and saved at (he same time thai the 
first voided specimen was discarded the day before. Ordinarily; 
quantitation of both the 24-hour protein and creatinine excretion 
is requested- In any given patient whose diet, renal fui iction, and 
muscle mass remain constant, 24-hour urine creatinine excretion 
also remains approximately ' constant Because of this, the latter 
serves as a measure of complereness of the 24-hour collection. 
The average man excretes 16 to 26 mg of creatinine per kilo- 
gram of ideal body weight per day; the average woman excretes 
1 2 to 24 mg of creatinine per kilogram of ideal body weight p er 
day. Tn aged individuals, urinary creatinine excretion may de- 
cline to 8 to 15 mg Ag of Ideal body weight. 

In patterns Suspected of having orthostatic proteinuria, 24-hour 
urine collections should be divided into two scpara re specimen 
, bottles. The collection Should proceed as described above, with 
the first morning .specimen discarded. All subsequent urine col- 
lected during the course of the patient's daily activities should 
be collected in the first specimen container. A Her retiring for the 
■ evening, the patient should be instructed to remain in bed until 
. the end of the collection period the next morning. Urine col- 
lected in the morning should be placed in the second specimen 
container and represents urine produced during recumbency. A 
comparison of supine and upright proteinuria can then be 
made. Patients with nocturia in whom this lest is deemed nec- 
essary should be encouraged to void with the use of a bedpan 
or bedside urine collection container to avoid ambulation dur- 
ing the nighttime collectJon. 

The timed 24-hour urine specimen is inconvenient to col- 
lect, and then? are often difficulties in assessing the complete- 
ness of collection. For these reasons, some investigators have 
examined the utility of measuring the protein^to- creatinine 
ratio of random "spot" morning urine samples as a semiquan- 
titative measure of proteinuria. This collection technique is 
rapidly becoming the standard collection technique in place of 
the 24-hour urine specimen in separating nephrotic-range from 
nonncphro tic-range proteinuria and also for following the clin- 
ical responsiveness of patients undergoing therapy for protein- 
uric states. A value greater than 3 mg proteln/mg creatinine 
indicates nephrotic-range proteinuria. Available data have 
shown that the proidn/creaririine ratio correlates with absolute 
and Log-transformed 24-hour urine protein values (P =» .0001 
and P <:.000i, respectively). The degree of protewrria by this 
measure correlates with the rate of loss of renal function and is 
a risk factor for progression to end-stage renal disrase. 

The detection of small increases in urinary albumin excretion 
(more khan 15 to 30 ug/min) in patients with insulin-dependent 
diabetes (incipient diabetic nephropathy) suggests the presence 
of oarJy diabetic Iddnay disease tod is highly predictive of the 
development of subsequent overt diabetic nephropathy. How- 
ever, nonspecific factors may also induce small increments in 
proteinuria that might confound the prognostic usefulness* of 
this tc&t. Therefore, to maximize the prognostic accuracy of .mi- 
cro alb uminuria, the foQowmg recommendations regarding urine 
collection have been suggested. limed, overnight urine collec- 
doiu; (preferably two or three) should be obtained. An over- 
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night collection nurumiaes the contribution of an erect posture: 
to aibumm cxcretiorL The patient should have adequate gj v - 
eemic and blood pressure control during the collection^ should 
avoid exercise, and the urine should be sterile. The patient 
should have no condition, other than diabetes, which may 
cause proteinuria. Urinary olburnin is iien usually measured 
by radial immunudiffusdon, racuoinur.unoassaY, ox enzver^- 
linfced immunosorbent a^say (E1ISA). Under these carefully 
controlled conditions, the presence of nucroalburninuria iden- 
tifies patients with irisiilin-dependent diabetes who are at hi eh 
risk for developing overt diabetic nephropathy. In patients 
with adult-onset diabetes mcUitus, the detection of microelbu- 
minuna correlates better with cardiovascular and cerebrovas- 
cular disease than it does with nephropathy. Microalbumuv 
una may now also be delected using commercially available 
dipsticks which are .more sensitive than those utilized ibr the 
standard urinalysis, 

URINARY PROTEIN MEASUREMENT 

Semiquantitative Measures of Proteinuria 

Ideally/ screening tests for proteinuria should be sensitive 
enough to identify low levels 0 f abnormal proteinuria, but nor. 
so sensitive that notmaJ low levels of proteinuria are detected 
and erroneously interpreted to be pathologic. The most com- 
monly used semiquantitative test for proteinuria is the standard 
dipstick method, with a *«nsitivir/ of 10 to 30 mg/dl for albu- 
min. The protein dipstick is a reagent stick Impregnated with a 
color indicator, usuaDy brompherto) blue, which is yellow at 
pH 3. Between P H 5 and 7, the indicator binds albumin and the 
color changes in proportion to the concentration of albunun in 
the urine. The dipstick Is much lew sensitive for detection of 
globulins, including low-inolecular-weighl proteins and light 
chains and may thus be falsely negative in the presence of tubu- 
lar proteinuria, multiple myeloma, and ovcxfbw proteinuria be- 
cause of the pxedonurumee of noxuuburnin proteins in thtise con- 
ditions- Translation of the results D f the dipstick method as an 
indicator of the amount of protein excreted requires knowledge 
of urine volume; 1 + proteinuria corresponds to 30 mg/dl pro- 
tein and 4+ proteinuria indicates greater than 300 mg/dl. The 
dipstick proteinuria may also be falsely negative in the presence 
of very dilute urine. The dipstick method may falsely indicate 
abnormal proteinuria in th« presence of a highly ccuicentr«ted 
urine, in urine with a pH higher than 8, in the presence of phe- 
nazopyridme; or In urine contarninated with antiseptics such 
as chlorhexiduie or beiuaDcortium (Table 10L3). An alternative 
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means of assessing proteiiuria senuqu&ntita lively depends on 
protein precipitation by sulfdsalicylic, trichloroacetic, or nitric 
adds or by heat and avctk acid. Hubidity is measured on a 
semiquantitative scale. These la tier methods tend to be much 
more sensitive than the dipstick method for detecting pro- 
teinuria as lovr as 3 to 5 mg/UL false-positive results are more 
common. Such xalse~positrve results occur when testing highly 
concentrated urines with radiocontrast agents, sulfonamide and 
tolbutamide metabolites, and high concentrations of penicillins 
or cephalosporin/?. False-negative results may be seen in the 
presence of highly buffered alkaline urine or highly dilute 
urine. Despite their relative lack of specificity, one advantage of 
the turbidotnebric measures is that they are more sensitive than 
the dipstick method to nonalbuxnin proteins in tlie urine, in- 
cluding globulins and glycoproteins. Therefore a discrepancy 
between the dipstick method and the turbid ometric methods 
suggests the presence of pottinuria characterized primarily by 
nonalbumtn proteins. The finding of significant proteinuria by 
precipitation methods pot confirmed by dipstick would require 
further arudies to role out the presence of multiple myeloma or 
Other lesions leading to tubular proteinuria. 

Quantitative Measures of Proteinuria 

The most common proooditrcs for quantftatirtg proteinuria in 
clinical laboratories in the United States are the turbidomctrlc 
methods, with quantitation by a photometer ox nephelometcr. 
Proteinuria may also be quanritaterl by ultraviolet spectropho- 
tometry M 21Q nm, the wavelength Ot which albumin and glob- 
ulin display similar absorbartce. Ultraviolet spectroph otometry 
offers enhanced precision of measurement compared with pro- 
tein pnsctpitabon methods, but it is less sensitive and more time- 
coosttming. Tho biuret method of measuring proteinuria de- 
pends on a color change occurring in the presence of alkaline 
copper sulfate and the biuret compound, quanritated specrro- * 
photometrically at 557 run. The biuret assay is more sensitive but 
more labor intensive than ruroidomptpc methods. The micro- 
KjelcUhl method for measurement' of protein nitrogen is the 
most accurate; however,, it is expensive, tedious, and tune-con- 
fraiung and is therefore rescrvwi for research purposes. 

Qualitative Measures of Proteinuria 

The qualitative aspects of Abnormal proteinuria can be studied 
by the identification of specific proteins or classes of proteins 
using a variety of methods, including electrophoresis on cellu- 
lose acetate or pcJyacryiamide, urroimoetecerophoresls In aga- 
rose gel, radial or double immimc<liffusion P radioimmunoassay, 
and ELXSA. Many of these methods may be readily adapted to 
provide quantitative information (o_g., denatoinerrie scanning). 
Such techniques are particularly helpful for characterizing the 
pathogenetic mecriarusms for abnormal proteinuria. The identi- 
fication of a monoclonal paraprotein in urine would suggest 
overflow protcinuxza, such as in multiple myeloma or primary 
• amyloidosis. The presence of a high (^microglobulin excretion 
relative to albumin excretion would indicate a tubular origin of 
the proteinuria. The specific detection of small quantities of al- 
bumin (iroxioalbuziunuriaj may be useful in the evaluation of 
early stages of diabetic nephropathy, tn addition, microalbu- 
minuria appears to be a general risk factor for cardiovascular . 
And cerebrovascular mortality and morbidity, not just in diabet- 
ics, but also in the general population. This may suggest the 
utility of micrccilbuminuria as a marker for generalized en- 
dothelial dysfunction. 

The specific immunologic measurements of fibrinogen or 
fibrin degradation products (nbrinopeptide A), complement pro- 
teins (O or G4), or tubular glycoproteins may be of clinical value 



in specific disorders such as crescentic glomerulonephritis (ele- 
vated excretion of fibrin degradation products), Alports ayn- 
drome (elevated excretion of a fragment of C3), or acute tubular 
necrosis (elevated excretion of proximal renal tubvlav brush bor- 
der antigen). The presence of the terminal component of cotnple- 
menr {membrane attack complex (MAQJ in the urine may corre- 
late with disease activity in membranous nephropathy. 

A rapidly growing literature also demonstrates the presence 
of growth factors, cytokines, and extracellular matrix and albu- 
min fragments in the \irir\r of patients with proteinuria, and nu- 
merous studies have been performed to demonstrate that these 
products may be toxic to the tubulointerstitiuin. The interaction 
of these proteins with tubular cells are thought to mediate/ at 
least in part, the tendency for progressive renal dysfunction in 
patients with pi otemuria, F£naliy> experimental evidence sug- 
gests that specific protein* may be found in urine as markers of 
genitourinary rnaKgnaacy, 

PROTEIN SELECTIVITY 

Calculation of a ratio of urinary clearances of several proteins, 
often referred to as protein selectivity, has been used to assess the 
degree of damage to the glomerular permeability barrier (Chap- 
ter 4). Tlua can be accomplished by simultaneous measurement 
of the serum and urine concentrations of several proteins of <±i£ 
fering molecular size (e,g-, IgC and b^uisfexrin). The selectivity 
Index w then calculated as OWP^) <- (U^yP^ 
where U and P represent the concentration of protein in urine 
and plasma, respectively. Values of less than 0.1 for this ratio 
indicate highly selective proteinuria and thereby less severe 
glomerular damage. 

fractional IgG clearance has also been used to indicate the ex- 
tent of disruption of the glomerular perxnaelectiviry bander (sec 
Chapter 4)- This is determined by measuring the urine and 
plasma concentrations of IgG and mulin. Fractional IgG clear- 
ance is then calculated as (l^/P^) «- (U^w^u^lJ. Vahieo of 
less than 0.001 "for ihjb ratio indicate highly selective pioteinjuon. 
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